PHOTOGRAPH  THIS  SHEET 


LEVEL 


I] 

INVENTORY 


Laser  \4(u*^eJT 

DOCUMENT  IDENTIFICATION  ^ferxft'x  f\~2- 

-C-OOS&  NoV  %o 


DISTRIBUTION  STATEMENT 


ACCESSION  FOR 


NT  IS  GRAAI 

DTIC  TAB 

UNANNOUNCED 
JUSTIFICATION 


s 


DTIC 

ELECTEj 

MAY  6  1902 


DISTRIBUTION  / 


AVAILABILITY  CODES 
DISTT  I  AVAIL  AI> 


|  AVAIL  AND/OR  SPECIAL  j 

Try 


DATE  ACCESSIONED 


DATE  RECEIVED  IN  DTIC 

PHOTOGRAPH  THIS  SHEET  AND  RETURN  TO  DTIC-DDA-2 


•  FORM  ^ a  < 

DTIC  OCT  79  70A 


DOCUMENT  PROCESSING  SHEET 


A114163 


OM 1-80-008  ( 


LASER  PROPAGATION  RESEARCH 


VOLUME  II 

GASEOUS  AND  PARTICULATE  CHARACTERIZATION 
OF  THE  ATMOSPHERE 


flppe\ne//x 


Wayne  L.  Flowers 


Prepared  for 

Atmospheric  Sciences  Laboratory 
White  Sands  Missile  Range,  New  Mexico 


Contract  DAAD07-80-C-0056 


November  1980 


OprilVtTRics,  Inc. 

2000  Moghjck  Rd  .  Siiift-  1 
Ann  Arbnr,  Ml  48  1 04 


pj;>.  -i  ,.'rroN~  Vtat7:ment  a 

Af:  ;  ■  !  t';  f  i/'iir  ig!  >ci 

■;»i  -  i  'j'Munitf.ii 


APPENDIX  A- 2 

PLOTS  OF  MEASURED  ATMOSPHERIC  GAS 
CONCENTRATIONS  NOP  SITE 


Figures  A-2.57  through  A-2.75.  Water  Vapor 
Measurements  at  NOP  Site  During  the  Period 
10  April  -  28  April  1980 . . 


83-101 


Figures  A-2.76  through  A-2.93.  Nitrous  Oxide 
Measurements  at  NOP  Site  During  the  Period 
10  April  -  28  April  1980 . 


Figures  A-2.94  through  A-2.96.  Total  Hydro¬ 
carbon  Measurements  at  NOP  Site  During  the 
Period  22  -  24  April  1980 . 


Figures  A-2.97  through  A-2.109.  Carbon  Dioxide 
Measurements  at  NOP  Site  During  the 
Period  10  April  -  22  April  1980 . 


102-119 


120-122 


123-135 


Figures  A-2.110  through  A-2.128.  Ozone 
Concentration  Measurements  at  NOP  Site 
During  the  Period  10  April  -  28  April  1980 


136-154 


82 


05  03  045 


rORH 


TflRR 


J.'H'IlR  VKFDR  (BK'CDnHflTIflW  -  KCHTH  FZK 

.  (DKC**!;nUR  F.VEFREE5; 


fcfHOJ 


KH7FR  Vn.  uR  CD.;CEKrIRHTlD!«  -  KiHiH  D5CU.:R  ixnr. 
f  KnLF-HDLLR  RVFHF7FE) 


•  «  4  4 

r  i  »  •  *  * 


i  T 

4  » 


4  4  v 

i  •  1 


+  44 


‘  4  *  4  *4  j.  , 

•  4 


44  * 


a  p::a  u,  a  r:,.-3 


a  si-fa 


.  liBT 

I?  MrRIL  J  1.G3 

FIGURE  A-2.61 


TDRR 


vjr-ift 


4 


I  E .  E  - 


i  lR  VHP  HR  G^CDnuRTiDN  -  K'DPTH  i:GCO  K?l 
t  Kriir-HDlli?  E\  lRJV3l5) 


Sr+  J 

•  t.  r 


E.S  r 


H.B  r 


S.E  r 


S.E  r 


?.H  r 


H.S  r 


4“  T 


r  |  i  T  T  4  + 

T^’  +  {T'!'Tyji'i'TT  T 


+  ++J.+ 


r  i  4 


4 

‘  4xT 


-1  «  > 

JJ .  u  I 


u.f'i5  .  r,r.a 


j:!  :a  iiva  jf^a 


.  i;gt 

IG  P!L  l;:P3 


FIGURE  A-2.63 
89 


fORR 


i'DHR 


TDRR 


WATER  VAPOR  CONCENTRATION  -  WORTH  D5CURH  PEAK 
I HALf-HDUR  RVERHOE5) 


3.0 
B.S 
0 . 0 
7 .  £ 
7.0 
e.5 
S.0 

s.s 

5.0 
W.5 
•  H .  0 

3.5 
3.0 

2.5 

2.0 


0  260  M00  BD0  P.?,  2 


.4 -  4  -  1  1  1 - 4  - 

1000  1200  i  H00  ICP0  if]00  2OE0 

05T 

20  APRIL  1900 


+  *  *  +  +  + , 


—  4 - 

2200  2Mi 


FIGURE  A-2.67 
93 


TORR 


10. D 


HHTER  VRPDR  CDNCCNT RrlT  1  ON  -  NORTH  1-BCUrJR  PtHK 
i  HRLf-HOLiR  RVERRBE5) 


i 


■H  +f 


+  + 


-H-  ++  x 


++  ++ 


+  +  . 
++  + 


\ _ i _ j  _ i _ _  j  i _  i  i  -  I  .  i  i  i  -  _  __4 

0  000  M02  B00  *200  1000  1/00  1200  1000  1000  2000  27-?®  2721 

K57 

2\  RPRIL  l  ORB 

FIGURE  A-2.68 


TORR 


TORR 


1H.0  - 
3.? 
3.0 
0.3 
0.0 

7.3 
7.0 
G.3 
S.0 

3.3 
3.0 
M .  3 

•  M .  0 

3.3 
3.0  - 

2.3 

2.0 

1.3 
1  .0 
0.3 
0.0  - 


KHTER  YRPUR  CONCENT  RriT  I DN  -  NORTH  D5CUh'R  PERK 
{ HRI  r-HDUR  HVERHbTS; 


+  +  +  + 

++++++++  ++++*+ 

+  + 


+  i  .  +-t 


+  X  ‘  +  4 


+  + 


+  +  + 


+  +  +  +  + 

+  4-  j.4- 


+  i 


_l _ J _ i _ i _ l _ l — — l _ J _ i - J - 1 - 

200  H00  500  800  1000  1 200  1 MP0  IE00  1800  2.000  2200  2H0 

.  r,sT 

23  nPRIL  [RE0  ; 


FIGURE  A-2.70 
96 


C!]!,’cTKlK;iT  I  i 3 !<  -  KiJrTH  !:b<-!!.:H  i-’L'nK 
i  HRLF-HDliH  HVEF-. .-oilbi 


...  I  -  _ 1.  !  ...  .J  _  i.  I _ 

f-r:2  i  27:2  1PH2  I  !-E3  !:70  !l=fifl 


2'\ 


roT 

iPSiL 


FIGURE  A- 2 . 71 


TORR 


Id. 13 
9.? 
9.0 

5.5 
B.0 

7.5 

7.0 

5.1 

6.0 

5.? 

5.0 

H. 5 
M .  0 
3.5T 
3.0 

2.5 
2.0 
I  .5 

I. 0  - 
0.5  - 
0.0 


KRTCR  VAPOR  CDNCtK'l RATION  -  NORTH  D'AlJi  R  Pi'M 
l HRLF-HDUR  RYL'RHbTSi 


+  +  +  T  +  +  +  +  -f 


T  T 


+  +  +  + 
+ 


+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  n  + 


X  +  + 


4 


-4 _ 1- 


4 _ 4- 


- 1 


4 


-1 


0  2i’2  M?J0  502  5K0  1040  1220  1M00  1 50-0  1500  2002  2202  2,J.02= 

nST 

k  APRIL  isoa 

FIGURE  A-2.72 
98 


HfcfCU 


ia. a  -r 
3.? 


'.'HIL'R  VRPDR  CONOTfRfiTIDN  “  FORTH  K5CU Rfl  FLAK 


IHRLf-HnCR  RVFPHBETS; 


3.0  F 


a.  s' 
B.0 
7 .  S 


7.0 

s.s 

E.0 


S.S  F 


s.a  F 


H.S 
H.E 
3.  S 
3.0 


4-  j.  » 
T  T  T 


+  +  + 


+  +  +  +  +  i 


+  +  + 


+  , 


• u 


T  +  3  +  i  +  4-  +  +  +  4 


+  + 


+++++++++++ 


2. s  F 


2.0 

1  .S 

1  .0  F 


0.s  F 


0.0 


JL 


-1- 


. _ i _ a 


a. 


4- 


a 


0  200  H«j0  saa  t320  1000  1220  1300  ib*00  IR00  2000  2200  23! 


MgT 

25 1 ;pril  \\m 

FIGURE  A-2.73 
99 


TORR 


I  2  RPR  I L  I  530 

i  i — |  t — i — i  — |  — r~ 


FIGURE  A-2.77 


N1TRDU5  OXIDE  CONCENTROT I  DM  (PPM; 


OOP  13  npRIL  1330 


FIGURE  A- 2 .78 

104 


N1TRDU5  OXIDE  CDNCENTRRT I  ON  (PPM) 


NOP  IS  RPR JL  1 5BE 


HDUR5  (M5T) 

FIGURE  A-2. 83 


109 


NITRDU5  OXIDE  CONCENTRATION  (PPM) 


NOP 


IS  RHPIL  issb 


HOURS  ( M5T  ) 

FIGURE  A-2.84 


NITRDU5  OXIDE  CDNCENTRRT 1  ON  (PPM) 


1.0 


NOP  2  1  RPR  I L  1300 

t — i — i — i — i — i — i — | — i — i — i — j — i — r — i — | — i — i — t — [ 


0.0 


0.5 


0.  H 


' ,  ’ 4  ■H+HR+H 


0.2 


0.04- 

0 


J — i — i — i — I — i _ i — i — I — i — i — i — I — i — i — i — I — i—i — i 

H  0  12  IB  20 

HOURS  ( M5T ) 

FIGURE  A- 2. 86 


112 


N1TRDU5  OXIDE  CONCENTRRT ION  (PPM) 


NITR0U5  DX1DE  CDNCENTRRT ION  (PPM) 


23  RPR  1 L  I5B2 


FIGURE  A- 2. 8 8 


N i TRDU5  DXiDE  CDNCENTRRT i DN  (PPM) 


L  5 


L 1 I I 1 1 1 1 > 1 1 4 1 1 1 1 

a  12  IE  20 
HDLIR5  (M5T) 


FIGURE  A-2.90 


N1TRQU5  OXIDE  CDNCENTRF1T  i  ON  (PPM) 


NOP  25  RPR  I L  I  350 


FIGURE  A- 2 . 91 


a  12 
HDUR5  CM5T) 


FIGURE  A-2.92 


N1TR0U5  OXIDE  CDNCENTRRT I  ON  (PPM) 


PRRT5  PETR  MILLION  C  PPM  > 


JDTHL  HYDRDCRRBDN  CDNCEK’TRRT  I DW  -  NORTH  D50JRR  PERK 
13  .  ( HRLF-HOUR  RYERR5E5) 

I  .  B  - 
1.7  - 
I.E  - 
I.S  - 


I.H  - 
1.3  - 


0  200  HE0  S00  820  1000  1200  IH00  jHZ'0  1880  2000  2200  2H00 

.  H5T 
22  RPRIL  I9B0 


FIGURE  A- 2. 94 


120 


JDTRL  HYl/RDCREBDK  CDNCENTRRTIDH  -  WORTH  D5CURR  PERK 
1HRLF-HDUR  RYERRSE5) 


+  +  +  +  +  +  +  +  +  |+  -{-i  +  + 


+  +  +  + 


+ 


+  +  +  +  +  +  + 


- 1 - 1 - ! - 1 - 1 - 1 _ I  I  j 

E00  B00  1000  1200  1H00  ;H3?1  JB00  2000  2200  2H00 

.  H5T 
23  APRIL  I960 


FIGURE  A-2.95 


PRRT5  PER  MILLION  CPPM) 


PRRT5 


.  H5T 
10  RPRJL  I3B0 


FIGURE  A-2.97 
123 


PARTS  PER  MILLION  CPPM> 


-  NORTH  05 C 
R  RVERR5C5) 

t+++++++ 


0  200  H20  500  300  1000  1200  1H20  1500  IB00  2000  2200  2HZ 


.  M57 

12  APRIL  I9BZ 


FIGURE  A-2.99 


125 


PRRT5  PER  MILLION 


126 


4} 


LBRBON  MDXIDC  -  NORTH  D5CURB  PERK 
{HRLP-HDUR  RYERR5E5) 


50 


|  JHB. 

.  0  - 

350 , 

.0  - 

3H0 . 

.0  - 

320. 

.0  - 

300, 

.0  - 

^  2B0. 

'T“ 

.0  - 

;  i. 

S:  2EB. 
/  ^ 

.0  - 

2M0. 

.0  - 

J  I5^X£! 
?’v. 

iHj^ar  */S 


1  m  150 . 

0  - 

t— 

a. 

g:  1  MB . 
IL 

0  - 

120. 

0  - 

l;  100- 

f 

0  - 

[■' 

t  00. 

0  - 

I  50 . 

0  - 

E  HE. 

0  - 

9  1  20. 

0  - 

l  0* 

0 - 1 - 1 - 1 - 

9 

0  200  MAPI  500  5 

100  1BZ0  1 202  i  M23  !5i2rl  IB00  2002  2220  2H00 

.  M5T 
IM  APRIL  I9B0 

FIGURE  A- 2 . 101 


l 


FRRT5  PER  MILLION 


PRRT5  PER  MILLION  CPPM; 


129 


RRRT5  PER  MILLION  C  PPM  ) 


M5T 

17  RPR  I L  1302 

FIGURE  A-2.104 


130 


PRRT5  PER  MILLION  (PPM; 


.  H5T 
IB  APRIL  1330 

FIGURE  A- 2 .105 


131 


PARTS  PETR  MILLION  CPPM> 


K5T 

19  RPR I L  I9B2 

FIGURE  A-2.106 


132 


PRRT5  PER  MILLiDN  CPPM> 


C  PPM  ) 


PRRT5  PER  MILLION  (PPM) 


H00.0 


ERRBDN  DIDXIDE  -  NDRTH  D5CURR  PERK 
(HRLE-HDUR  RVERR5E5) 


0  200  H00  E00  600  J000  1200  I M00  iB00  *600  2000  2200  2H0E 

M5T 

77  RPRIL  I3B0 

FIGURE  A-2.109 


135 


DZONE  CONCEWTRHTIDN  -  WORTH  D5CURR  PERK 
(DNE  -  HDUR  RVERR5E5) 


— [ - 1 - 1 - 1 - 1 - 1 - r 

B0Z  1000  1200  IM00  IE00  I SD0  2000  2200  2HZ0 

M5T 

10  RPRIL  [960 


FIGURE  A- 2 .110 


PARTS  PER  BILLION  < PPB ) 


0  200  H00  E00  B00  1000  1200  1H00  1500  IB00  2000  2200  2H00 


H5T 

li  RPRJL  1580 

FIGURE  A- 2 .111 


137 


CIZDNE  CDMCENTRHTION  -  NORTH  D50JRH  PEAK 
(ONE  -  HOUR  AVERAGES ) 


i 


* 


— i - 1 - 1 - r - 1 - 1 - 1 - 1 - 1 

B00  1000  1200  IH00  IHHH  IBM  2000  2200  2H00 


H5T 

12  APRIL  I9A0 

FIGURE  A- 2 .112 


PORTS  PER  BILL  I  DM  (PPB> 


■ 


0  200  H00  500  000  1000  1200  JH00  ;520  IB00  2000  2200  2H0H 


13  RPRIL  I960 

FIGURE  A-2.113 


139 


PORTS  PER  BILLION  <PPB> 


100  T 


0ZDNE  CDNCEN7RRT ] ON  -  NORM  D5CURR  PERK 
(DUE  -  HDUR  RVERR5E5) 


M5T 

IH  RPRIL  15B0 

FIGURE  A- 2 .114 


140 


OZDNE  CONCENTRATION  -  NORTH  D5CURR  PERK 
(ONE  -  HOUR  RVERR5E5) 


+ 


+  + 


+  + 


— i - 1 - T - 1 - 1 - 1 - ! - . - 1 - 1 - 1 - 1 

200  H00  E00  600  !  000  1202  IMSS  1520  :B30  2000  2200  2H00 

M5T 

IE  RPR1L  1 500 

FIGURE  A-2. 116 
142 


PRRTH  PER  BILLION  <PPB> 


OZONE  CONCENTRATION  -  NORTH  D5CURR  PERK 
(ONE  -  HOUR  BVERRSE5) 


m 


0  2 08  420  500  500  1000  1200  1400  1500  1500  2000  2200  2400 


H5T 

17  APRIL  I9BE 

FIGURE  A-2.117 


t 


143 


BN  CPPB) 


200  H00  H20  000  1030  1200  1H23  1000  JB00  2000  2200  2M00 


.  M5T 
IB  APRIL  19B0 

FIGURE  A-2.118 


144 


PRRTS  PETR  PILLION  CPPB> 


.  K(5T 
IS  BPRIL  1900 

FIGURE. A-2. 119 


145 


PRRT5  PER  BILLION  CPPB) 


.  K5T 
20  APRIL  1900 

FIGURE  A- 2.120 
146 


PARTS  PER  BILLION  CPPB5 


PRRT5  PER  BILLION  CPPBJ 


I 


MB  P 


OZDNE  CONCENTRATION  -  WORTH  D5CURR  PEAK 
l DME-HDUR  AVERR5E5) 


2B  -  + 


+  +  *  + 


+  + 


+  + 


+  + 
+ 


0  200  MB0  EBB  EBB  1000  1200  IHfIB  1500  1B00  2000  2200  2H00 

.  K5T 
23  APRIL  I9S0 

FIGURE  A-] . 123 


PRRT5  PER  BILLIDN  CPPK> 


1  EE  t 


90  f- 


B0 


70 


BE  f- 


ZZ  f- 


HE 


30 


20 


J0  h 


0 


+  + 


DZGN£  CDNCDURRllDN  -  NORTH  D5CURR  PERK 
(DNC-HOUR  RVERR5E5) 


•f  . 

T 


+  + 


T  T 


i  + 


+  +  + 


0 


- p_ 

200 


- 1 - 1 - 1 - - - r - ! - T - ! - 1 - 1 - 1 

H00  EE0  600  1000  1200  1 HDB  IS£!2  1PZ3  2000  2200  2H02 


M5T 

24  BPRIL  1SBE 


FIGURE  A-2.124 
150 


PORTS  PER  BILLION  CPPB > 


l  HE  -r 


DZDNE  CDMCENTRHTIDN  -  NORTH  D5CURR  PERIC 
(DNE-HDUR  RVERREE5 ) 


» 


t 


I 


BEE  IEEE  1 220  IHfiE  1E32  l  BEE  2B0B  22BB  2H22 


.  K5T 
2E  RPR I L  I3B0 


FIGURE  A-2.125 
151 


DZDKt  CONCENT f?RT  I  DM  -  WORTH  D5CURB  PERr: 
1DNE-HDUR  RVERREK) 


•f  +  + 

+ 


+  + 


i - 1 - r - 1 - 1 - i - 1 - r - r - 1 - 1 - 1 

200  HE0  H0Z  B0Z  1 000  1200  IM  00  IH00  1000  2000  2200  HH03 

.  H5T 
27  APRIL  1380 


FIGURE  A- 2 .127 


'T»,wr» 


